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The objective of this research is to compare the Bayesian selection methods for best regression
equation with conjugate normal prior distribution. The three Bayesian selection methods for best
regression equation in this comparison composed of Bayesian Model Averaging method using Markov
Chain Monte Carlo model composition via Simultaneous Variable and Transformation Selection (BMASW) ,
Optimal Predictive Model Selection (OPM) and Stepwise Regression method (SR). The average of mean
square error (AMSE) and the ratio of different average mean square error (RDAMSE) were used as the
criteria in this project. The details of the data were represented as follows. In this study, the distribution of
random errors are normal distribution with mean equal to 0 and standard deviation equal to 0.25 0.50
and 2.50, respectively. The sizes of the samples are varied, which composed of 15, 30 , 50 and 100
samples. The numbers of independent variables in regression model are 3,5,8, 10, 12, and 15. The
Bayesian hyperparameters (aﬂ /7,c) for BMA,, and OPM are (1,5) (1,10) (10,100) and (10,500),
respectively. Using the Monte Carlo simulation technique with 500 repetitions for each case generated all
data.

The analyzed results of data were demonstrated as follow. The comparisons of the AMSE from

three methods ranging from minimum to maximum were BMA,, ., OPM and SR for all cases. The OPM

VT
gave AMSE slightly higher than BMA,; especially when the Bayesian hyperparameters (O'ﬂ /7,c)had
low values. The SR gave AMSE clearly different from -BMA, ; and OPM-in all-cases. The factors that
affected AMSE of all methods are sample size, the standard deviation of random errors and the number
of independent variables. The AMSE of all method were proportionate to the standard deviation of
random errors and the number of independent variables although-they were inversely proportionate to
sample size.

Furthermore, the AMSE of two methods under Bayesian Approach, BMA_ . and OPM were

SVT
proportionate to the Bayesian hyperparameters (o-ﬂ /z,c) and whereas the AMSE of SR was constant

because we did not consider the Bayesian hyperparameters (o4 /7,¢) .
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4. manaaauewuIeaIv ( Partial F-test )
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MC3<-function(all.y,all.x,num.its,M0.var,M0.out,outs.list,PI,K,ip,cc,n,sde)
{
Ys <<-scale(all.y)

Xs <<-scale(all.x)

MO.var<<-MO0.var
MO.out<<-M0.out
outs.list <<- outs.list
Pl<<-PI

K<<-K

flag <<-1
outcnt<<-sum(outs.list)
ip<<-ip

cc<<-cc

sde<<-sde

n<<-n

big.list<<-matrix(0,1,4)

big.list[1,1]<<-sum(2"((0:(length(MO0.var)-1))[M0.var]))+1

if (sum(MO.out)!=0)

big.list[1,2]<<-sum(2~ ((0:(length(MO0.out)-1))[MO.out]))+1

else big.list[1,2]<<-1

if (outcnt!=0) big.list[1,3]<<-(dim(Ys)[1]-sum(MO0.out))*log(1-PI)+
sum(M0.out)*log(PI)+flogpost(Ys,Xs,MO0.var,
sde,n,sum(M0Q.var),ip,cc)

else big.list[1,3]<<-flogpost(Ys,Xs,M0.var,

sde,n,sum(M0.var),ip,cc)

i1
while (i<=num.its)
{
if (flag==1)
{
if (sum(MO0.var)!=0)



MO.1<<-sum(2”((0:(length(MO0.var)-1))[MO0.var]))+1
else M0.1<<-1
if (sum(MO0.out)!=0)
MO0.2<<-sum(2"((0:(length(MO0.out)-1))[MO0.out]))+1
else M0.2<<-1

M1 <- choose(MO.var,M0.out)
if (sum(M1$var)!=0)
M1.1<<-sum(2"((0:(length(MO0.var)-1))[M1$var]))+1
else M1.1<-1
if (sum(M1$out)!=0)
M1.2<<-sum(2"((0:(length(M0.out)-1))[M1$out]))+1
else M1.2<-1

if (sum(big.list[,1]==M1.1 & big.list[,2]==M1.2)==0)
{
if (M1.1==1)
{
if (outcnt!=0) a<-(dim(Ys)[1]-sum(M1$out))*log(1-PI)+
sum(M1S$out)*log(PI)+ flogpost(Ys,Xs,0,sde,n,0,ip,cc)
else a<-flogpost(Ys,Xs,0,sde;n,0,ip,cc)
}
else
{
if (outcnt!=0) a<-(dim(Ys)[1]-sum(M1$out))*log(1-PI)+
sum(M1S$out)*log(PI)+flogpost(Ys,Xs,M1$var,
sde,n,sum(M1$var),ip,cc)
else a<-flogpost(Ys,Xs,M1$var,
sde,n,sum(M1$var),ip,cc)
}
big.list<<-rbind(big.list,c(M1.1,M1.2,a,0))
}

BF <- exp(big.list[big.list[,1]==M1.1 & big.list[,2]==M1.2,3]-
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big.list[big.list[,1]==M0.1 & big.list[,2]==M0.2,3])

if (BF >=1) flag <<-1

else flag <<- rbinom(1,1,BF)

if (flag == 1)
{
MO.var <<- M1$var
MO.out <<- M1$out
M0.1 <<- M1.1
M0.2 <<-M1.2
}
big.list[big.list[,1]1==M0.1 & big.list[,2]==M0.2,4] <<-
big.list[big.list[,1]==M0.1 & big.list[,2]==M0.2,4]+1

i<-i+1

var.vect<<-matrix(as.logical(rep(big.list[,1]-1,rep(length(M0.var),
length(big.list[,1])))
%/% 2 (0:(length(M0.var) - 1)) %% 2),ncol=length(MO0.var),byrow=T)

n.var<-length(MO0.var)
ndx<-1:n.var
Xn<-rep("X",n.var)

labs<-paste(Xn,ndx,sep="")

dimnames(var.vect)<-list(c(1:length(var.vect[,1])),labs)

postprob<<-matrix((exp(big.list[,3]))/(sum(exp(big.list[,3]))),ncol=1)

dimnames(postprob)[2]_list(c("Post.Mod.Pr."))

visits<<-matrix(big.list[,4],ncol=1)

dimnames(visits)[2]<-list(c("#visits"))



if (length(outs.list)!=0)
{out.vect<<-matrix(as.logical(rep(big.list[,2]-1,
rep(length(outs.list),length(big.list[,2])))
%/% 2 (0:(length(outs.list) - 1)) %%
2),ncol=length(outs.list),byrow=T)
dimnames(out.vect)<-list(c(1:length(out.vect[,1])),c(outs.list))
model.matrix<<-cbind(var.vect,out.vect,postprob,visits)}

else model.matrix<<-cbind(var.vect,postprob,visits)

colno<-length(M0.var)+length(M0.out)+1

model.matrix<<-model.matrix[order(-model.matrix[,colno]),]

return(model.matrix)
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choose<-function(M0.var,M0.out)
{
var <- MO.var
in.or.out <- sample(c(1:length(MO.var),rep(0,length(MO0.out))),1)
if (in.or.out == 0){
out<-M0.out
in.or.out2 <- sample(1:length(M0.out),1)
out[in.or.out2]<-IM0.out[in.or.out2]
}
else {
var[in.or.out]<- IMO.var[in.or.out]
out <- M0O.out
}
return(var,out)

}

flogpost<-function(y,x,model.vect, sde,n,numx,ip,cc)

{

x_x[,model.vect]

XtX_t(X)%*%x
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xty_t(x)%*%y

sig2_sde"?2

bls_ginverse(xtx)%*%xty
s2x_matrix(nrow=numx,ncol=1)
tau_matrix(nrow=numx,ncol=1)
sigb_matrix(nrow=numx,ncol=1)
diffx_matrix(nrow=samplesize,ncol=numx)
diffx2_matrix(nrow=samplesize,ncol=numx)
s2x_cor(x,trim=0,na.method="fail", unbiased=T)

for (index;j in 1:numx)

{
tau[indexj,1]_((sde/xtx[indexj,indexj])~0.5)/ip
if (model.vect[index|]!=F)
{
sigb[indexj,1]_(ip/taulindexj,1])~0.5
}
else
{
sigb[indexj,1]_(ip/(cc*taulindexj,11))~ 0.5
}
}

bigsigb_diag(rep(1,numx))

for (j in 1:numx)

{

bigsigblj,jl_sigb[j,11/s2xlj,j]
}
b11_t(bls)

A_sig2*bigsigb

covb_bigsigb

bigb_rmvnorm(1, mean=b11, cov=covb,d=numx)
bigbbar_rep(sum(bigb)/(numx),numx)

b1_A+(xtx)

b2_(A%*%bigbbar)+(xtx%*%bls)
b2bar_ginverse(b1)%*%b2
bigsigb2b_bigsigb+((sig2”-1)*xtx)
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cov2b_diag(rep(1,numx))
for (j in 1:numx)
{

cov2b[j,j]_bigsigb2blj,j]
}
g_matrix(rep(numx,numx),nrow=1,ncol=numx)
mpost_pmvnorm(g,mean=t(b2bar),cov=cov2b)

Impost_log(mpost,10)

return(Impost)

fyp_function(rowresult,resultsvt,newx,y,yp1)
{
for (i in 1:rowresult)
{
numxtemp_0
newnumx_ncol(resultsvt)-2

for (j in 1:newnumx)

{
if (resultsvt[i,j]!=0)
{
numxtemp_numxtemp+1
}
}

xtemp_matrix(,nrow=samplesize,ncol=numxtemp)
sumx1_1

for (indexj in 1:newnumx)

{
if (resultsvt[i,indexj]!=0)
{
xtempl[,sumx1]_newx[,indexj]
sumx1_sumx1+1
}



regmodel_glm(y~xtemp)
yhat_predict(regmodel)
yp1_yp1+resultsvi[i,newnumx+1]*yhat
}
yp_yp1

return(yp)
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fmse_function(y,yp,n,numx)
{
dif_y-yp
se_matrix(nrow=n,ncol=1)
for (i in 1:n)
{
se[il_(dif[ip"2
}
sse_sum(se)

mse_sse/(n-numx-1)

return(mse)

fy_function(samplesize,sde,x,numx)
{
error_rnorm(samplesize,0,sde)
ones_rep(1,samplesize)
xones_cbind(ones;x)
beta_rep(1,numx-+1)

y_(xones%*%beta)+error

return(y)
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fr_function(regwhich,xtemp,p.5,y,
rowwhich,numxtemp)
{
g_t(xtemp)%*%xtemp
bfull_solve(q)%*%(t(xtemp)%*%y)

r_matrix(nrow=rowwhich,ncol=numxtemp)
sumr_matrix(nrow=numxtemp,ncol=1)
for (j in 1:rowwhich)
{
for (k in 1:numxtemp)
{
rlj,K1_((bfulllk, 11~ 2)*q[k,k])%*%((regwhich[j,k]-p.5[k,11) *2)
}
sumr[j, 1]_sum(rfj,])
}

return(sumr)

MAIN_PROGRAM

numx_3

sde_0.25

ip_1

cc_b5

numloop._500

samplesize_15
x_rmvnorm(samplesize,mean=rep(0,numx),cov=diag(rep(1,numx)),d=numx)
msesr_matrix(nrow=numloop,ncol=1)
mseopm_matrix(nrow=numloop,ncol=1)

msesvt_matrix(nrow=numloop,ncol=1)



for (i in 1:numloop)

{

y_fy(samplesize,sde,x,numx)

SR

resultsr_stepwise(x,y,intercept=T,tolerance=1.e-07,method="ex",
nbest=3)
regmodel_Im(y~x[,resultsr$which[3,]])

msesr[i]_sum(regmodel$residuals " 2)/regmodel$df

OPM

resultmc<-MC3(y,x,10000,rep(T,numx),NULL,NULL,0,0,ip,cc,n,sde)
rowresult_nrow(resultmc)
p_matrix(nrow=numx,ncol=1)
numxtemp_0
for (j in 1:numx)
{  prob_matrix(nrow=rowresult,ncol=1)
for (k in 1:rowresult)
{
prob[k,1]_resultmclk,j]1%*%resultmclk,numx+1]
}
plj,1]_sum(prob)
if (p[j,11>=0.5)
{

numxtemp_numxtemp+1

}
xtemp_matrix(nrow=samplesize,ncol=numxtemp)
p.5_matrix(nrow=numxtemp,ncol=1)
sumx_1
for (Iin 1:numx)
{

if (p[l,1]>=0.5)
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{
p-5[1,1]_pll,1]
xtemp[,sumx]_x[,!]
sumx_sumx+1

}

}

reg_leaps(xtemp, y,rep(1,samplesize), int=T, method="adjr2", keep.int=T,
nbest=1, df=samplesize)

numxtemp_ncol(xtemp)

rowwhich_nrow(reg$which)

mr_fr(reg$which,xtemp,p.5,y,rowwhich,numxtemp)

minr_min(mr)

for (Iin 1:rowwhich)

{
if (mr[l,1]==minr)
{
regmodel_lm(y~xtemp[,reg$which[l,]])
mseopm[i]_sum(regmodel$residuals” 2)/regmodel$df
}
}
SVT
tr_ace(x,y)

tx_matrix(nrow=samplesize,ncol=numx)
for (i in 1:numx)
{
X[, il tr$tx[,i]
}
xandtx_cbind(x,tx)
newnumx_ncol(xandtx)
resultsvt_MC3(y,xandtx,10000,rep(T,newnumx),NULL,NULL,0,0,ip,cc,n,sde)
rowresult_nrow(resultsvt)
yp_rep(0,samplesize)

ysvt_fyp(rowresult,resultsvt,xandtx,y,yp)



msesvt [i]_fmse(y,ysvt,samplesize,rowresult)
print(samplesize)
print(i)
}
amsesr_sum(msesr)/numloop
stdsr_matrix(nrow=numloop,ncol=1)
for (indexi in 1:numloop)
{
stdsrindexi]_(msesr[indexi]-amsesr) "2
}
stdamsesr_sqrt(sum(stdsr)/(numloop-1))
amseopm_sum(mseopm)/numloop
stdopm_matrix(nrow=numloop,ncol=1)
for (indexi in 1:numloop)

{

stdopm[indexi]_(mseopm[indexi]-amseopm) "2

}
stdamseopm_sqgrt(sum(stdopm)/(numloop-1))
amsesvt_sum(msesvt)/numloop
stdsvt_matrix(nrow=numloop,ncol=1)
for (indexi in 1:numloop)
{

stdsvt[indexi]_(msesvt[indexi]-amsesvt) "2
}
stdamsesvt_sqrt(sum(stdsvt)/(numloop-1))
amsesr
stdamsesr
amseopm
stdamseopm
amsesvt

stdamsesvt
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END MAIN_PROGRAM
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Tests of Between-Subjects Effects

Dependent Variable: AMSE
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Type 11l Sum
Source of Squares df Mean Square F Sig.
Model 44,7882 3 14.929 112.567 .000
METHOD 44,788 3 14.929 112.567 .000 :D
Error 1.194 9 .133
Total 45.982 12
a. R Squared = .974 (Adjusted R Squared = .965)
Multiple Comparisons
Dependent Variable: AMSE
Mean
Difference 95% Confidence Interval
(1) Method (J) Method (1-J) Std. Error Sig. Lower Bound Upper Bound
LSD SR OPM 1.209850*| .2575128 .001 627315 1.792385
SVT 1.746050*| .2575128 .000 1.163515 2.328585
OPM SR -1.209850*| .2575128 .001 -1.792385 -.627315
SVT .536200 .2575128 @ .067 -.046335 1.118735
SVT SR -1.746050*| .2575128 .000 -2.328585 -1.163515
OPM -.536200 | .2575128 .067 -1.118735 .046335
Bonferroni SR OPM 1.209850*| .2575128 .003 454481 1.965219
SVT 1.746050*| .2575128 .000 .990681 2.501419
OPM SR -1.209850*| .2575128 .003 -1.965219 -.454481
SVT .536200 2575128 @ .201 -.219169 1.291569
SVT SR -1.746050*| .2575128 .000 -2.501419 -.990681
OPM -.536200 [ .2575128 .201 -1.291569 .219169

Based on observed means.
*. The mean difference is significant at the .05 level.
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Tests of Between-Subjects Effects

Dependent Variable: AMSE
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Type Il Sum
Source of Squares df Mean Square F Sig.
Model 68.0802 3 22.693 100.768 .000
METHOD 68.080 3 22.693 100.768 .000 :D
Error 2.027 9 .225
Total 70.107 12
a. R Squared = .971 (Adjusted R Squared = .961)
Multiple Comparisons
Dependent Variable: AMSE
Mean
Difference 95% Confidence Interval
(1) Method  (J) Method (1-J) Std. Error Sig. Lower Bound | Upper Bound
LSD SR OPM 1.482700*| .3355612 .002 .723608 2.241792
SVT 2.118825*| .3355612 .000 1.359733 2.877917
OPM SR -1.482700*| .3355612 .002 -2.241792 -.723608
SVT .636125 .3355612 @ .091 -.122967 1.395217
SVT SR -2.118825*| .3355612 .000 -2.877917 -1.359733
OPM -.636125 .3355612 .091 -1.395217 122967
Bonferroni SR OPM 1.482700*| .3355612 .005 .498390 2.467010
SVT 2.118825*| .3355612 .000 1.134515 3.103135
OPM SR -1.482700*| .3355612 .005 -2.467010 -.498390
SVT .636125 | .3355612 @ .272 -.348185 1.620435
SVT SR -2.118825*| .3355612 .000 -3.103135 -1.134515
OPM -.636125 | .3355612 .272 -1.620435 .348185

Based on observed means.
*. The mean difference is significant at the .05 level.
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Tests of Between-Subjects Effects

Dependent Variable: AMSE
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Type 11l Sum
Source of Squares df Mean Square F Sig.
Model 68.0802 3 22.693 100.768 .000
METHOD 68.080 3 22.693 100.768 .000
Error 2. Q2 9 o
Total 70.107 12

a. R Squared = .971 (Adjusted R Squared = .961)

Dependent Variable: AMSE

Multiple Comparisons

Mean
Difference 95% Confidence Interval

(1) Method  (J) Method (1-J) Std. Error Sig. Lower Bound | Upper Bound

LSD SR OPM 1.482700*| .3355612 .002 .723608 2.241792
SVT 2.118825*| .3355612 .000 1.359733 2.877917

OPM SR -1.482700*| .3355612 .002 -2.241792 -.723608

SVT .636125 | .3355612 @ .091 -.122967 1.395217

SVT SR -2.118825*| .3355612 .000 -2.877917 -1.359733

OPM -.636125 | .3355612 .091 -1.395217 .122967

Bonferroni SR OPM 1.482700*| .3355612 .005 498390 2.467010
SVT 2.118825*| .3355612 .000 1.134515 3.103135

OPM SR -1.482700*| .3355612 .005 -2.467010 -.498390

SVT .636125 | .3355612 @ .272 -.348185 1.620435

SVT SR -2.118825*( .3355612 .000 -3.103135 -1.134515

OPM -.636125 | .3355612 272 -1.620435 .348185

Based on observed means.
*. The mean difference is significant at the.05 level.
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Type Il Sum
Source of Squares df Mean Square F Sig.
Model 56.0732 3 18.691 106.250 .000
METHOD 56.073 3 18.691 106.250 .000 @
Error 1.583 ) .176
Total 57.656 12

a. R Squared = .973 (Adjusted R Squared = .963)

Dependent Variable: AMSE

Multiple Comparisons
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Mean
Difference 95% Confidence Interval

(1) Method (J) Method (1-J) Std. Error Sig. Lower Bound | Upper Bound

LSD SR OPM 1.245700*| .2965762 .002 574798 1.916602
SVT 1.695400*| .2965762 .000 1.024498 2.366302

OPM SR -1.245700*| .2965762 @ .002 -1.916602 -.574798

SVT 449700 | .2965762 .164 -.221202 1.120602

SVT SR -1.695400* | .2965762 .000 -2.366302 -1.024498

OPM -.449700 | .2965762 .164 -1.120602 .221202

Bonferroni SR OPM 1.245700*| .2965762 .007 .375746 2.115654
SVT 1.695400*| .2965762 .001 .825446 2.565354

OPM SR -1.245700%| .2965762 @ .007 -2.115654 -.375746

SVT 449700 | .2965762 491 -.420254 1.319654

SVT SR -1.695400* | .2965762 .001 -2.565354 -.825446

OPM -.449700 | .2965762 491 -1.319654 420254

Based on observed means.
*. The mean difference is significant at the .05 level.
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Tests of Between-Subjects Effects

Dependent Variable: AMSE

Type 11 Sum
Source of Squares df Mean Square F Sig.
Model 88.0252 3 29.342 168.811 .000
METHOD 88.025 3 20.342 168.811 .000 @
Error 1.564 9 174
Total 89.589 12

a. R Squared = .983 (Adjusted R Squared = .977)

Dependent Variable: AMSE

Multiple Comparisons

Mean
Difference 95% Confidence Interval

(1) Method (J) Method (1-J) Std. Error Sig. Lower Bound Upper Bound

LSD SR OPM 1.517925* | .2947991 .001 .851043 2.184807
SVT 1.819025*| .2947991 .000 1.152143 2.485907

OPM SR -1.517925*| .2947991 .001 -2.184807 -.851043

SVT .301100 .2947991 @ .334 -.365782 .967982

SVT SR -1.819025*| .2947991 .000 -2.485907 -1.152143

OPM -.301100 .2947991 .334 -.967982 .365782

Bonferroni SR OPM 1.517925*| .2947991 .002 .653184 2.382666
SVT 1.819025*| .2947991 .000 .954284 2.683766

OPM SR -1.517925*| .2947991 .002 -2.382666 -.653184

SVT .301100 .2947991 f?) 1.000 -.563641 1.165841

SVT SR -1.819025*| .2947991 .000 -2.683766 -.954284

OPM -.301100 .2947991 1.000 -1.165841 .563641

Based on observed means.

*. The mean difference is significant at the .05 level.
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anlfjias avijas H, 81 F>F ., ,, 4198 Sig. <.05

Tests of Between-Subjects Effects

Dependent Variable: AMSE
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Type 111 Sum
Source of Squares df Mean Square F Sig.
Model 588.8122 3 196.271 322.837 .000
METHOD 588.812 3 196.271 322.837 .000 :D
Error 5.472 9 .608
Total 594.284 12
a. R Squared = .991 (Adjusted R Squared = .988)
Multiple Comparisons
Dependent Variable: AMSE
Mean
Difference 95% Confidence Interval
(1) Method  (J) Method (1-J) Std. Error Sig. Lower Bound | Upper Bound
LSD SR OPM 2.109500*| .5513417 .004 .862279 3.356721
SVT 4.002600*| .5513417 .000 2.755379 5.249821
OPM SR -2.109500*| .5513417 .004 -3.356721 -.862279
SVT 1.893100*| .5513417 @ .007 .645879 3.140321
SVT SR -4.002600*| .5513417 .000 -5.249821 -2.755379
OPM -1.893100*| .5513417 .007 -3.140321 -.645879
Bonferroni SR OPM 2.109500*| .5513417 .012 492236 3.726764
SVT 4.002600*| .5513417 .000 2.385336 5.619864
OPM SR -2.109500*| .5513417 .012 -3.726764 -.492236
SVT 1.893100*| .5513417 @ .022 .275836 3.510364
SVT SR -4.002600*| .5513417 .000 -5.619864 -2.385336
OPM -1.893100*| .5513417 .022 -3.510364 -.275836

Based on observed means.
*. The mean difference is significant at the .05 level.
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